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Shaw Environmental, inc.

Executive Summary

A removal action was conducted between May 2006 and July 2007 to address the dense
non-aqueous phase liquid (DNAPL) in the soil and groundwater at Installation Restoration
Site 4, Plume 4-2, within Alameda Point, Alameda, California. The removal action was
implemented by Shaw Environmental, Inc. (herein referred to as Shaw), under the
Environmental Remedial Action Contract with the U.S. Department of Navy (Navy),
Base Realignment and Closure, and followed the conclusions of the Engineering Evaluation/Cost
Analysis (EE/CA) completed in 2001. The main objective of the removal action was to reduce
the total concentrations of the chlorinated volatile organic compounds (VOC) in the groundwater
to below 10,000 micrograms per liter (ug/L), to the extent technically and economically
practicable.

Results of historical investigations at Plume 4-2 suggested the potential presence of DNAPL in
the soil and groundwater due to the detection of chlorinated VOCs at levels above 10,000 pg/L.
The chlorinated VOCs of concern were 1,1-dichloroethane, 1,1-dichloroethene,
1,2-dichloroethane,  cis-1,2-dichloroethene,  trans-1,2-dichloroethene, tetrachloroethene,
1,1,1-trichloroethane, 1,1,2-trichloroethane, trichloroethene, and vinyl chloride. For the purpose
of this removal action, these VOCs were also referred to as the screening analytes (SA). The
supplemental design data investigation conducted between 2001 and 2002 at the site indicated
that part of the groundwater plume was beneath the painting room and the plating shop of
Building 360, a former aircraft maintenance facility where solvents and miscellaneous chemicals
had been used, stored, and generated as waste. The estimated areal extent of the treatment plume
was 34,400 square feet, and the maximum treatment depth was approximately 40 feet
below ground surface (bgs).

The EE/CA specified a removal action involving use of in-situ electric resistance heating to
remove the VOC mass in the subsurface. Thermal Remediation Services (TRS), a technology
vendor subcontracted by Shaw, designed, installed, and operated the in-situ treatment system at
Plume 4-2. The treatment system consisted of above-ground and below-grade process
components, including 91 electrodes with integral vapor recovery wells, 14 temperature
monitoring points co-located with vapor piezometers, a 2000-kilowatt power supply and control
unit, and a fleet of vapor and liquid handling and treatment equipment. System installation,
begun in late May 2006, was completed in October 2006, followed by system startup testing and
routine operation. Treatment operation proceeded until early July 2007 when the system was
shut down at the request of Navy.

During system installation, liquid containing elevated levels of chromium and other metals was
encountered in two floor structures (also referred to as vats or trenches) inside the former plating
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shop of Building 360. The liquid, present at several electrode installation locations, was pumped
out for offsite disposal. Due to the unexpected presence of the chromium-laden liquid within the
DNAPL treatment area, additional system design investigation to assess the effect from in-situ
electrical resistance heating treatment on the chromium, in particular hexavalent chromium, was
initiated.

The investigation involved installing two additional groundwater monitoring wells and collecting
soil and groundwater samples in and around the plating shop for metals and other analyses
before treatment began. Results of soil and groundwater sampling indicated that the source of
chromium and hexavalent chromium was mostly confined within the plating shop. As such,
additional groundwater samples were taken during and after treatment to monitor for changes in
the metal concentrations that could be attributed to the result of the in-situ treatment by electrical
resistance heating.

In addition to baseline sampling, treatment progress sampling was conducted periodically at the
groundwater monitoring wells, with select well sampling performed the week following the
shutdown of the system. In September 2007, one round of groundwater well sampling was
conducted to determine the post-treatment concentrations of the chlorinated VOCs.

A total of 5,391,216 kilowatt-hours of energy was input to the ground within the treatment area
upon shutdown of the system in July. Based on the results of the post-treatment sampling in
September, all except one of the 19 monitoring wells showed SA concentrations below
10,000 pg/L. Excluding the one well above 10,000 pg/L, the reduction of SA concentrations
between baseline and post-treatment ranged from about 39% to almost 100%, with a median
value of 99.5%. The low percent reduction occurred in the west end of the treatment plume at a
monitoring well screened between 32 and 37 feet bgs outside Building 360. The yield of a
SA concentration of nearly 7,600 pg/L at that well was the cause of the relatively small reduction
in that location. The source of the elevated SA concentration is not readily known. Based on the
difference in the SA concentrations between baseline and post-treatment, the amount of
chlorinated VOCs removed from the plume was estimated at more than 2,000 pounds.
Approximately 200 pounds of the VOCs were recovered in the vapor recovery system installed
and operated by TRS.

The one well with a post-treatment concentration of 12,000 pg/L measured in September 2007 is
located inside Building 360, near the southeastern corner of the treatment plume and screened
between 26 and 31 feet bgs. Sampling results collected from the baseline through the progress
monitoring events during treatment did not show a concentration above 2,500 pg/L.
Groundwater temperature at that depth had maintained consistently above 100°C for the latter
five months of the treatment period. All of the other well sampling locations that achieved and
sustained this elevated temperature yielded total SA concentrations far below 10,000 pg/L. The
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well was sampled again for SA in October 2007, along with several other wells selected for
sampling for metals analysis following in-situ heat treatment of the groundwater. The
SA concentration was reported at 4,700 pg/L, still above the baseline concentration of
2,500 pg/L but well below the removal action goal of 10,000 pg/L.

Reduction of total and hexavalent chromium concentrations in the groundwater during treatment
was noted in several monitoring wells within and outside the plating shop. Although the
chromium concentrations showed decreases, arsenic and barium concentrations in some wells
showed increases within the first few months of the treatment period. Concentrations of these
two metal species remain elevated during the post-treatment sampling conducted in
October 2007. However, such increases are expected to be temporal due to the presence of a
reducing condition of the groundwater as a result of the in-situ thermal treatment. When the
groundwater returns to the anoxic condition, the concentrations of the two metal species should
gradually decrease to pre-treatment levels.

In conclusion, the removal action objective at Plume 4-2 was achieved. After eight months of
continuous heating, the total SA concentration in the groundwater in the first water bearing zone
was reduced to below 10,000 pg/L, with a mean concentration of approximately 1,600 pg/L.
The bulk of the VOC mass was removed to the extent technically and economically practicable.
There appears to be no mobilization of chromium and hexavalent chromium during and
following treatment of the soil and groundwater.
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1.0 Introduction

This Removal Action Completion Report, prepared by Shaw Environmental, Inc. (herein referred
to as Shaw), summarizes the removal action conducted at Plume 4-2 (Building 360) of the
Installation Restoration (IR) Site 4. IR Site 4 is located within the former Alameda Naval Air
Station (currently known as Alameda Point) in California. Removal activities were executed for
the U.S. Department of the Navy (Navy), Base Realignment and Closure, under the
Environmental Remedial Action Contract N62474-98-D-2076, Contract Task Order 0133 and
Modification Number 1. This report addresses the following main topics:

» Site description and project background

¢ Removal action objectives and approach

» Field implementation of the removal activities

e Removal action effectiveness assessment

¢ Post-removal action site conditions and recommendations

Supporting field records and analytical reports are included in the accompanying appendices.

1.1 Site Description

Plume 4-2 resides in the western portion of IR Site 4 and encompasses an area of approximately
34,400 square feet (sf) on the west to southwest end of Building 360. Figure 1, “Site Location
Map,” shows the locations of both IR Site 4 and Plume 4-2. The building, currently unoccupied,
housed specialized production shops for repair and testing of jet-turbine and piston engines.
These included a paint shop, a parts-cleaning shop, a plating shop, and machine shops. Industrial
wastewater generated in Building 360 was treated at the wastewater treatment facility formerly
located north of Building 163, which is approximately 50 feet west of Building 360, as shown in
Figure 2, “Plume 4-2 (Building 360) Site Layout.” Aircraft engine repair operations began at the
site in 1954 (RI/FS Work Plan, NAS Alameda, Alameda, California [Canonie Environmental
Services, 1990]). Plating operations discontinued and the plating shop was dismantled and
removed in 1991. The machine shops, stripping and painting shops, and parts-assembly areas
within Building 360 were active until 1996.

The former plating shop operations included paint stripping by blasting; chrome, silver, and
nickel stripping; etching; and chrome, silver, nickel, and copper plating. The cleaning and
blasting processes used baths of phenol-based cleaners, alkaline-type cleaners, rust removers,
descaling compounds, and caustics. Chemical mixtures used in the cleaning process historically
included a mixture containing 55 percent (%) tetrachloroethylene also known as perchloroethene
(PCE). Several other mixtures containing dichlorobenzene, methylene chloride, toluene, and
30 to 70% solutions of sodium hydroxide were also used. Leaks of these chemicals were
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believed to have contributed to the subsurface contamination found across the IR Site 4 area
based on historical investigation findings (IT Corporation, 2002a).

Plume 4-2 was identified from a focused groundwater investigation previously conducted at
IR Site 4 (Tetra Tech EM, Inc. [TtEMI] and Einarson, Fowler, and Watson, 1998). The
groundwater plume was located beneath the former painting and plating shops on the west side
of Building 360 (see Figure 2). Based on the detected groundwater concentration of
1,1-dichloroethene (DCE), the investigation results suggested a potential presence of
dense non-aqueous phase liquid (DNAPL) contamination at the site.

1.2  Geology and Hydrogeology

Stratigraphy beneath IR Site 4 consists of four geologic units: the Lower San Antonio Formation,
the Upper San Antonio Unit, the Merritt Sand Formation, and artificial fill
(Draft CLEAN II-Operable Unit-2 Remedial Investigation Report [TtEMI, 1999]). The
Lower San Antonio Formation, also called the Yerba Buena Mud, extends from 90 feet to
between 150 and 175 feet below ground surface (bgs) and is composed of predominantly clay.
Above the Lower San Antonio Unit is the Upper San Antonio Formation, which is composed of
dark green-gray sand with sandy clay and silty clay. This formation extends from 70 to
90 feet bgs. Overlying the San Antonio Formation is the Merritt Sand Formation and it extends
from roughly 10 to 70 feet bgs. It is composed of an orange-brown, fine-grained, silty sand and
a fine-grained clayey sand. The top of the Merritt Sand is a dense, well-consolidated clayey sand
between 1 and 5 feet thick and has a low hydraulic conductivity. Additionally, a zone divides
the Merritt Sand into an upper eolian (i.e., dune sand) and a lower alluvial section. The eolian
section of the Merritt Sand represents sediment deposition by airborne processes, and the alluvial
section of the Merritt Sand represents sediment deposition by fluvial or water processes. The
contact zone between the eolian sand and alluvial sand sections ranges from 5 to 15 feet thick,
consisting of a dense to well-consolidated clayey sand. This clayey sand has a low hydraulic
conductivity.

Overlying the Merritt Sand Formation is the artificial fill that extends from the surface down to
roughly 10 feet bgs. The artificial fill consists of a light to dark brown, fine-grained, silty sand
with trace amounts of gravel and brick fragments. The fill is composed of dredge spoils from the
San Francisco Bay and the Oakland Inner Harbor.

Groundwater at IR Site 4 is encountered between 2 and 8 feet bgs within the artificial fill, with
the average depth around 5 to 7 feet bgs at Plume 4-2. Unlike areas to the west, there is no
intervening layer of Bay Sediment between the artificial fill and Merritt Sand beneath the site;
therefore, the first water-bearing zone (FWBZ) present elsewhere in Alameda Point behaves as a
single hydrogeologic unit at the site. The water-bearing zone is composed of artificial fill,
Merritt Sand, and Upper San Antonio Unit. Beneath this interval, the Lower San Antonio
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Formation (Yerba Buena Mud) forms a regionally continuous aquitard that inhibits water
migration from the water-bearing zone to underlying formations.

The groundwater flow directions are affected by local recharge from precipitation, seasonal
variation in groundwater elevations, and tidal influences. For Alameda Point, the groundwater
has been found to generally flow from the east and northeast inland areas to the west and
southwest. Within IR Site 4 and Plume 4-2, groundwater is affected locally by industrial
building storm drains and underground utility trenches. Water levels in the surrounding area of
industrial buildings suggest localized groundwater mounds and sinks. Based on a tidal study
conducted in nearby wells, there is no tidal fluctuation expected at the site (Tidal Influence Study
Letter Report [PRC Environmental Management, Inc., 1997]). Total dissolved solids
concentration in the shallow groundwater has been measured at approximately 5,000 milligram
per liter (mg/L) (Determination of the Beneficial Uses of Groundwater at Alameda Point,
Alameda, California [TtEMI, 2000]).

1.3  Project Background

Because of the previous investigation findings, a removal action to address the potential DNAPL
was initiated for Plume 4-2 (TtEMI, 2001). Between 2001 and 2002, a design data investigation
(DDI) was conducted to further determine the contaminant distribution in groundwater and the
DNAPL plume extent for the full-scale design of the treatment system (IT Corporation, 2002b).
Results of the investigation were discussed further in Section 2.0.

In 2004, Shaw subcontracted the field implementation of the removal action at Plume 4-2 to
Thermal Remediation Services (TRS), a small business firm with the experience and expertise to
perform the technology utilized for the removal action. The selection of TRS was also due to a
request by the Navy to allow simultaneous implementation of similar removal actions at this site
and at Building 5 (Plumes 5-1 and 5-3). Building 5 is another IR site with potential DNAPL in
the subsurface. To ensure consistency in the execution and administration of Plume 4-2 under
the Navy Remedial Action Contract, Shaw provided oversight of TRS performance, including
compliance monitoring, and project communication and coordination with the Navy.
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20 Removal Action Description

This section describes the nature and extent of the inferred DNAPL removal action area and the
removal action objectives. In addition, this section provides an overview of the treatment
approach taken to address the DNAPL contamination in the groundwater.

21  Extent of Removal Action Area

As previously stated, DNAPL at Plume 4-2 was suspected based on the 1,1-DCE concentration
in the groundwater. The location identified in the Engineering Evaluation/Cost Analysis
(EE/CA) for DNAPL removal covered an area of approximately 120 feet in diameter
(or 11,000 sf) and a maximum depth of 30 feet (TtEMI, 2001). The removal action boundary
was established based on a concentration contour of 10,000 micrograms per liter (ug/L).

The results from the system DDI completed in 2002 revealed a much larger area required for the
full-scale removal action than has been estimated in the EE/CA. Based on the later findings, the
treatment area was nearly 35,000 sf and the maximum depth increased to 40 feet
(IT Corporation, 2002b). The treatment boundary extended further east and west of the removal
action plume originally established in the EE/CA. Figure 3, “Plume 4-2 (Building 360) Removal
Action Area,” shows the removal action plume described in the EE/CA, compared to the removal
action plume area defined in the DDI.

2.2  Removal Action Objective

Historical investigation results identified 10 chlorinated volatile organic compounds (VOCs) in
groundwater as the screening analytes (SAs) for monitoring of the removal action at Plume 4-2.
These SAs were 1,1,1-trichloroethane, 1,1,2-trichloroethane, 1,1-dichloroethane, 1,1-DCE,
1,2-dichloroethane, cis-1,2-DCE, trans-1,2-DCE, PCE, trichloroethene, and vinyl chloride, with
1,1-DCE being the predominant species historically detected. According to the EE/CA, the
primary objective of the removal action was to reduce the total SA concentrations in the
groundwater to below 10,000 ng/L, to the extent technically and economically practicable. The
EE/CA also identified electric heating of the soil and groundwater in the plume area as the
recommended removal action alternative for Plume 4-2 (TtEMI, 2001).

2.3  Treatment Approach and System Layout

Based on the treatment area and depth, established after the DDI in 2002, TRS divided the plume
into five regions, varied by areas and depths. The maximum treatment depth ranged from
approximately 18 to 44 feet across the plume.
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The treatment system involved the use of energized electrodes to generate heat resistively to
accelerate removal of the VOCs from the subsurface. Electricity to the electrodes was supplied
from a power supply and control unit and several field step-down transformers. The electrodes
were placed in a 20-foot triangular grid across the plume. The grid layout and the five treatment
regions are shown on Figure 4, “Plume 4-2 Treatment System Grid and Equipment Layout.”

The treatment system also included a vapor recovery and treatment train and a liquid treatment
train. Vapor captured from the subsurface was treated with vapor-phase granular activated
carbon (GAC) prior to its discharge to the atmosphere. Condensed vapor and vapor-entrained
liquid were treated with liquid-phase GAC prior to the discharge to the publicly-owned treatment
works (POTW). A process schematic of the treatment system is presented in TRS’ system
documentation included in Appendix A.
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3.0 Implementation of Removal Activities

Implementation of the removal action began with site preparation followed by system
installation.  Construction of the treatment system began in June 2006 and ended in
October 2006. Upon completion of system installation, startup testing and routine operation
proceeded. Details of the field implementation of the removal activities are presented in the
following subsections.

3.1  Site Preparation

Prior to drilling for installing electrodes and other subsurface components, available facility
record drawings were reviewed to identify locations of underground utilities, including inactive
fire protection and steam lines. Utility clearance using a geophysical instrument was also
conducted over drilling locations to aid in verifying the absence or presence of subsurface
obstructions in the area.

Because a large portion of the treatment plume was beneath Building 360, which was
constructed with a raised concrete floor including subfloor utility corridors, a survey of the
existing utilities and other structures below the building floor was also performed. Approximate
locations of the utilities and miscellancous structures that were potential obstructions were
marked on a facility layout map for use by TRS prior to borehole drilling. A copy of the
building obstructions survey map is included in Appendix B.

In addition to the utility survey, asbestos pipe removal was performed at several locations to
provide unrestricted access to electrode installation. Removed asbestos waste was contained and
disposed of to offsite landfills (see Section 3.3 for further details). Concrete coring was also
performed to allow access to the native soil below. Borehole clearance to the first 5 feet bgs was
then performed by hand augering and/or air knifing before drilling proceeded. Borehole
locations that encountered with subsurface obstructions within the top 5 feet bgs were marked
and then shifted to new locations. Locations of the electrodes and monitoring points/wells
affected by the subsurface obstructions inside the building as a result of the utility survey or
borehole clearance were shifted a foot to a few feet away.

One electrode location outside Building 360 encountered ground refusal in and around the area
during borehole clearance. This location was near the western boundary of the plume. It
appeared to be a concrete slab (or similar structure) of several feet thick extending from the
ground surface down and over a rather large surface area. Because electrode distance relative to
one another had to be kept at some minimum distance (designed spacing was about 20 to
21 feet), there was no alternate location for that electrode. As such, the electrode, which was at
grid point C5, was not installed (see Figure 4).
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3.2  Treatment System Installation

System installation included constructing electrodes, vapor piezometers (VPs), temperature
monitoring points (TMPs), groundwater monitoring wells, a vapor handling and treatment unit,
and a liquid handling and treatment unit. All process equipment and piping were installed
aboveground, within a fenced compound built outside of the groundwater plume treatment area
(also referred to as the “hot zone™). Access to the “hot zone” was restricted by an alarm system
that would sound a siren should the access security be breached. The general arrangement of the
process equipment is shown in Figure 4. Installation of these components is described in detail
below.

3.21 Electrodes

TRS installed 91 electrodes at depths of up to 45 feet bgs within the removal action plume. Each
electrode, constructed of 3-inch diameter steel pipe with a slotted screen section in the upper
portion, was installed within a 12-inch diameter borehole using a hollow-stem auger drill rig.
The annular space around the steel casing at each electrode borehole was backfilled with steel
shot pellets and graphite. The steel shot, consisting of zero-valent iron, was mixed with graphite
and tremied into the annulus space. Approximately 94,725 pounds of steel shot and
5,550 pounds of graphite were used for the 91 electrodes. The average usage of the steel
shot/graphite mix at each electrode was approximately 75 pounds per foot. A low-profile drill
rig was used for the electrodes installed inside the building.

The slotted portion of the electrode was used for capture of vapor released from the groundwater
during heating. Appendix A contains diagrams showing construction details of the electrodes
installed at Plume 4-2. The installation depths of the electrodes, as well as the number within
each of the five treatment regions are also summarized in Appendix A. As previously stated, one
electrode at C5 location was not installed due to ground refusal.

322 Vapor Piezometers and Temperature Monitoring Points

Fourteen VPs and TMPs were installed across the treatment area using the hollow-stem auger
drill rig and/or a Geoprobe® direct-push rig. Each pair of VP and TMP was co-located in the
same borehole. The VPs, constructed of Y-inch Teflon® tubing, were installed to about
3 feet bgs, while the TMPs, constructed of %-inch chlorinated polychlorinated vinyl chloride
piping, were installed at depths corresponding to the electrodes within the same treatment
regions. In each TMP, type T thermocouples were placed every 5 feet from the ground surface
to the bottom of the monitoring point. Construction details of the VPs and TMPs are presented
in Appendix A.
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323 Groundwater Monitoring Wells

Seventeen groundwater monitoring wells were initially installed for monitoring of the treatment
performance at the site. These wells, identified as MW4-2-1 through MW4-2-17, were installed
to depths varying from 10 to 40 feet bgs, and were placed across the plume based on the 2002
DDI results. The wells were constructed of 2-inch diameter, stainless steel casing with 5 feet of
0.02-inch slotted screen, and were screened at intervals that corresponded to the depths where
elevated VOC concentrations were found in the DDI. The wells were installed using a
hollow-stem auger and/or a Geoprobe® direct-push rig. About 48 hours after installation, each
monitoring well was developed in accordance with Shaw standard operating procedures for well
development.

In August 2006, two more monitoring wells were installed in and around the plume. These wells
were screened from 5 to 10 feet bgs and were used to help monitor and evaluate potential
impacts on metals mobility from the treatment operation. Further details about these wells are
discussed later in Section 5.0. A summary of well construction details and diagrams are
presented in Appendix C.

3.24 Hot Vapor Conveyance Piping

Schedule 80 chlorinated polychlorinated vinyl chloride piping of size up to 10-inch diameter was
used to convey hot vapor from the electrodes to the vapor extraction and treatment train. Piping
from the electrodes was manifolded into one main line connecting to the vapor-condensing unit.
Flow, temperature, and vacuum measuring ports, as well as the influent vapor sampling port
were installed on the main conveyance pipeline. Data collected from these ports helped monitor
the performance of the treatment system operation.

3.25 Vapor Extraction and Treatment Train

The vapor extraction and treatment train was made up of a vapor condenser, liquid-vapor
separator vessels, six vapor phase GAC vessels, and a positive-displacement blower. Hot vapor
captured from the treatment area passed through the vapor condenser for cooling before entering
the separator, in which non-condensing vapor was separated from condensing liquid. The cooled
vapor then continued through the vapor phase GAC vessels for treatment. The condensed liquid
was pumped to the liquid handling and treatment train.

The vapor phase GAC vessels, each containing 1,000 pounds of carbon, removed the VOCs in
the vapor stream to comply with the air emissions control requirements (primarily Regulation 8,
Rule 47, Sections 301 and 302) established by the Bay Area Air Quality Management District
(BAAQMD). These requirements were typical to soil vapor extraction (SVE) operations.
Following treatment, the vapor stream was sent through the blower and discharged into the
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atmosphere via a 20-foot tall stack. Except for the vapor phase GAC vessels and the blower, the
other process equipment was installed within a secondary containment area.

3.26 Liquid Handling and Treatment Train

The liquid handling and treatment train consisted of a water-holding tank, liquid transfer pumps,
cartridge filters, and liquid phase GAC vessels. Initially, 55-gallon carbon drums were used to
treat the liquid consisting of mostly condensate. However, during system startup, it was
determined that the carbon drums did not meet the pressure requirements. As such, TRS
replaced the carbon drums with the pressure vessels that could withstand higher pressure
(approximately 30 pounds per square inches) encountered with the liquid treatment system.

Condensate, formed after the vapor condenser, was pumped through the cartridge filters and the
GAC vessels before being discharged to the POTW. The filtering system went through several
modifications while in operation due to excessive sediment buildup within the system. TRS
attributed the buildup to (1) significant groundwater and sediment entrainment from some areas
within the plume, such as in the northwestern corner of the plume outside Building 360, and (2)
biological growth inside the filtration units.

Treated liquid was discharged into the sanitary sewer via a manhole under the base-wide permit
with the East Bay Municipal Utilities District (EBMUD). The discharge location is shown in
Figure 4. Initially, the discharge was conveyed via a one-inch diameter line. Because of the
groundwater and sediment issues with the treatment unit, one more discharge line was added to
facilitate flow through the liquid treatment train. Flow measurements were recorded on both
discharge lines to provide the total flow readings for EBMUD permit compliance.

To comply with discharge permit requirements, a holding tank with double containment was
used to temporarily contain the treated condensate and groundwater during the system startup
and testing period. As the treatment operation progressed, the tank was incorporated as part of
the system components. Rainwater collected into the secondary containment and filter rinsate
were pumped into the holding tank. From the holding tank, the water was then pumped through
the liquid-phase GAC for treatment along with the condensate and groundwater before discharge
to the sanitary sewer. A high-level sensor was installed inside the tank to shut off any running
feed pump in the event of a high water level in the tank.

3.27 Power Supply and Connection

Power to the treatment system was fed from an existing transformer on the north end of
Building 360. Three power poles were installed to bring the power cable from the transformer to
the 2,000-kilowatt (kW) power control unit (PCU) furnished by TRS. Figure 4 shows the power
drop location by the PCU within the treatment compound. From the PCU, electrical cables were
run to four separate, field step-down transformers that supplied lower voltage power to the
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electrodes. The PCU also supplied power to the electrical process equipment, such as the blower
and the pumps.

3.28 Pre-Operational System Inspections and Testing

Pre-operational activities included leak testing of conveyance piping, functionality and safety
testing of system components and control devices, and baseline groundwater sampling. System
testing began on September 25, 2006 and continued with completion on October 19, 2006.
Testing included visual inspections of installed components and a dry run of equipment to verify
its functionality and readiness. Types of inspections and tests completed included the following:

¢ Visual inspection and leak test of the vapor and liquid conveyance piping
¢ Individual system component leak and function tests

o Equipment control interlocking test

e Vacuum influence test

e Voltage safety test

o Startup tests for energy application evaluation

Based on the startup test results, TRS determined that the system would be operating at
approximately 150 to 300 volts. TRS also assessed that the vapor recovery system would exert
sufficient vacuum influence within the vadose zone over the plume area based on their vacuum
influence test results. The pre-operational test and inspection results were transmitted to the
Navy for information on October 23, 2006 and are included herein in Appendix D.

3.3  Construction and Investigation-Derived Waste Handling

Waste generated from system installation and associated construction activities consisted of
primarily asbestos-containing waste, drill cuttings, well development water, and the chromium-
laden liquid encountered within two-below grade trenches inside Building 360. Copies of the
waste manifests are provided in Appendix E.

Asbestos-containing waste was generated from the removal of utilities inside Building 360 prior
to drilling for electrode installation. @ Approximately 3 cubic yards of non-friable
asbestos-containing waste material were disposed of at Altamont Landfill in Livermore,
California. Four cubic yards of friable asbestos-containing waste material were disposed of at
Norcal Waste Systems Hay Road Landfill in Vacaville, California.

Drill cuttings were placed in soil bins. Following profiling, the cuttings were disposed of as
nonhazardous waste to Altamont Landfill facility, except for two bins of soil containing elevated
levels of chromium generated from the field treatment impact assessment activities. The impact
assessment effort, described in detail later, was executed after the finding of chromium-laden
liquid in the plating shop. The soil from the two bins was disposed of at Chemical Waste
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Management, a Class I treatment, storage, and disposal (TSD) facility in Kettleman City,
California. The liquid containing elevated levels of chromium was disposed of at the
Chemical Waste Management TSD facility in Kettleman City.

The well development water was discharged into the sanitary sewer after profiling analytical
results showed that the water quality met the EBMUD permit requirements. The request for
discharge was approved by EBMUD on November 2, 2006 (EBMUD, 2006). The discharge was
implemented immediately thereafter.

34  Additional System Design Investigation

On June 7, 2007, colored liquid was found in two below-grade trenches (also referred to as vats)
inside the former plating shop of Building 360 while preparation of drilling for electrode
installation was being conducted by TRS. Further visual inspections suggested the liquid contain
chromium because of its greenish to yellowish color. Samples were immediately collected from
two electrode locations and submitted for metals analysis. Analytical results confirmed the
presence of chromium, including hexavalent chromium (Cr6+), and other metals. Approximately
1,000 gallons of the colored liquid were later pumped from the two trenches into a
double-contained Baker tank for subsequent disposal.

Because of the finding of chromium-containing liquid in the trenches, there became a concern
about mobilizing chromium, especially Cr%*, in the underlying groundwater during the electrical
heating. As a result, following the Navy’s technical direction, Shaw proceeded with additional
system design investigation to assess impact on chromium and hexavalent chromium, with a
focus in the area of the plating shop.

The additional investigation conducted in the month of August 2006 involved collecting soil and
groundwater samples from a number of the electrode installation boreholes and installing two
additional groundwater monitoring wells. Soil samples were taken directly from the open
boreholes from surface to 5 feet bgs using a Geoprobe® direct-push rig. Groundwater samples
were collected from the boreholes using a Hydropunch® direct-push sampler. Samples were
submitted for metals, cyanide, and VOC analyses; results for soil and groundwater are
summarized in Tables 1, “Summary of Additional System Design Investigation Soil Sample
Results,” and 2, “Summary of Additional System Design Investigation Groundwater Sample
Results,” respectively. Complete analytical data packages are provided in Appendix F. Figure 5,
“Hexavalent Chromium in Soil, 5 feet bgs,” and Figure 6, “Total Chromium in Soil, 5 feet bgs,”
show the distribution of hexavalent and total chromium concentrations in soil, respectively.

The two groundwater monitoring wells were installed on the north and south perimeters of the
plume inside the building. The wells were labeled as MW4-2-18 and MW4-2-19, respectively
(see Figure 4). The monitoring wells had the same construction details as the other 17 wells,
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except that the two wells were screened from 5 to 10 feet bgs. Following development, the wells
were sampled, along with MW360-2 located outside of the plume, south of Building 360.
Samples were submitted for metals analyses only. Figure 7, “Chromium Isoconcentrations in
Groundwater,” shows the chromium and hexavalent chromium concentrations in groundwater
prior to DNAPL removal.

3.5  Baseline and Progress Performance Sampling

The baseline groundwater sampling was performed after completion of the initial phase of the
treatment impact assessment in August. All 17 groundwater monitoring wells were sampled for
VOC analysis. In addition to the baseline sampling event, groundwater sampling was performed
periodically during the treatment period to monitor the treatment performance at the site.
Samples were collected initially from the 17 monitoring wells installed for the removal action.
Near the end of the treatment period in May 2007, the two wells installed as part of the
additional investigation effort were also sampled. The primary intent of adding these two wells
to the monitoring network was to supplement the monitoring results for the shallower depths
(i.e., 5 to 15 feet bgs) around the plating shop and, by doing so, to allow more complete
evaluation of DNAPL removal progress at the site.

In each sampling event, groundwater was pumped through a dedicated cooling coil at each well
using a low flow peristaltic pump before collected for field water quality measurements. The
cooling coil was used to allow for safe boiling water sampling while minimizing volatilization of
the VOCs in the samples. This procedure was also followed during the baseline sampling for
consistency, per the Final Sampling and Analysis Plan (Shaw, 2006). After the water quality
parameters, (i.e., pH, temperature, oxidation-reduction potential [ORP], dissolved oxygen [DO],
turbidity, and specific conductance) were stabilized, samples were collected into 40-milliliter
(mL) vials and submitted for VOC analysis.

Since TRS required the use of groundwater sample results to assist with system adjustment and
optimization, sampling was conducted generally monthly between December 2006 and
May 2007. One round of sampling was conducted in July 2007 after the shutdown of the system
to verify the anticipated drop in the VOC concentrations at some of the “hot” wells. Table 3,
“Summary of Groundwater SA Concentrations from Baseline through Post-Treatment,”
summarizes the groundwater SA concentrations beginning from the baseline sampling event.
Complete laboratory analytical data packages are provided in Appendix G. Groundwater
concentration distributions from baseline through the progress sampling are presented in
Figure 8, “Plume 4-2 Baseline and Progress Treatment Sampling Results.”
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3.6  Discharge and Emissions Monitoring

A part of the routine treatment system operation involved monitoring of the air emissions and
treated effluent from the system for compliance purposes. Although no air permit was required
for the vapor extraction system as the removal action was conducted in accordance with the
Comprehensive Environmental Response, Compensation, and Liability Act requirements, the
system was operated in conformance with the BAAQMD requirements for typical SVE
operations. Air emissions from the treatment system were monitored using a field instrument,
supplemented with results from influent vapor sampling. The vapor samples were collected in
general on a monthly basis and submitted for U.S. Environmental Protection Agency TO-15
analysis.

Additional vapor samples were also obtained from the effluent of the vapor phase GAC
treatment train during the startup of the system to verify no immediate carbon breakthrough by
vinyl chloride. The additional sampling was requested by BAAQMD prior to commencement of
the treatment operation (Notification of Proposed Six Phase Heating/Vapor Extraction at
Alameda Point — Bldg. 360, IR Site 4, Plume 4-2 [BAAQMD, 2006]). All vapor samples were
collected using SUMMA canisters. Sample results not only did not show detection of vinyl
chloride in the effluent but also indicated low mass emissions of the five regulated VOCs in the
recovered vapor stream. According to BAAQMD Regulation 8, Rule 47, the five regulated
organic pollutants are benzene, methylene chloride, PCE, trichloroethene, and vinyl chloride.
Laboratory data packages are provided in Appendix H.

Field measurements of the vapor concentration were collected at the inlet, midpoint, and outlet of
the vapor phase GAC treatment train using a photoionization detector (PID) with a
11.7 electro-volt lamp. Monitoring was generally conducted once daily during the manned
operation of the treatment system. Since the predominant VOC species in the vapor stream was
1,1-DCE, the PID measurements of total VOCs generally corresponded relatively well to the
laboratory results.

Discharge to the POTW was also monitored through sampling of the treated effluent from the
condensate treatment train. Monitoring was performed in accordance with the basewide
discharge permit (Number 5024981 2) issued by EBMUD in September 2006. After results of a
startup sample verified that the effluent met the discharge criteria, sampling of the effluent was
performed on a monthly basis from November 2006 through July 2007. Sample results and flow
data were also submitted to EBMUD with approval from the Navy via quarterly discharge
reports. Copies of the quarterly reports were distributed to the Navy in each submittal to
EBMUD. No exceedances or violations of the discharge to the POTW occurred in the course of
the treatment system operation at the site.
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3.7  System Optimization

During treatment operation, adjustments were made to optimize the system performance to focus
mostly on subsurface energy distribution and VOC concentration reduction within the plume.
Groundwater temperatures were one of the key operation parameters used in combination with
well sampling results to help with decisions on system adjustment and optimization. It has been
from past experiences that a substantial reduction in the VOC concentration is achievable when
the groundwater temperature reaches the boiling point.

The general optimization approach was as follows: once the well sampling results indicated that
the VOC concentrations were below the removal action goal of 10,000 pg/L and the
temperatures at those wells were maintained for a week or so, power supply was then
redistributed to increase energy supply to some other areas that had shown cooler subsurface
temperatures and limited VOC concentration reduction. In few occasions, some electrodes
around the wells that had met the removal action goal were also temporarily turned off to
facilitate power redistribution to the cooler areas. For instance, on March 22, 2007, TRS shut
down 22 electrodes around MW4-2-1, MW4-2-4, MW4-2-6, and MW4-2-15 after the
March sampling results indicated that the VOC concentrations at these wells dropped below
10,000 pug/L and the temperatures ranged from 94°C to 116°C. This allowed for increased
energy input in other needed areas, especially inside Building 360 where some monitoring wells
had shown relatively small reduction in the VOC concentrations. These electrodes were later
brought back to service after receipt of a request from the Navy to continue treatment of the
entire plume in late March to further reduce the VOC concentrations in the groundwater.

When power redistribution under the existing power supply configuration was not enough to
enhance the treatment performance in certain areas of the plume, additional power cables were
installed to facilitate power delivery to those areas. In early June 2007, TRS installed additional
electrical cables to channel power from the PCU directly to several electrodes in the area around
MW4-2-19, successfully bringing the VOC concentration in the area from 34,000 pg/L recorded
in May 2007 to below the initial removal action goal. The July 2007 sample results showed that
the total VOC concentration at MW4-2-19 dropped to about 1,400 pg/L, well below the
treatment goal of 10,000 pg/L.

3.8  Termination of Treatment

Groundwater treatment continued at Plume 4-2 until a treatment asymptote was reached. The
treatment asymptote was determined based on the following operation and performance
parameters:

e Well VOC concentrations were below 10,000 pg/L and showed a general trend of
reaching asymptotic levels
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e Vapor VOC mass captured in the vapor recovery system approached an asymptote

o The average groundwater temperature across the plume was maintained near or above
the water boiling points

As of May 2007, the average groundwater temperature reached to 95°C, with a one-degree
gradual rise over a two- to three-week period. Sampling results from late May showed that
almost all well concentrations had reached below 10,000 pg/L and simultaneously approached
asymptotic levels. The vapor VOC mass recovery rate had also not shown substantially changed
throughout the period. Further discussions of the treatment performance are provided in
Section 4.0. Based on these observations, by early July 2007, the system was shut down and
treatment operations ceased.

3.9  Post-Treatment Sampling

Another round of sampling post-system shutdown was performed in September 2007 to
determine the post-treatment levels of the chlorinated VOCs in the treatment plume. Sample
results are also included in Table 3. In October 2007, groundwater samples were collected from
select wells for metal analyses to determine effects, if any, on mobility of metals (primarily
hexavalent chromium) post-treatment of the groundwater. The sample from MW4-2-17 was also
analyzed for VOCs. The decision to sample the monitoring well again for VOCs was a result of
the finding from the September sampling event.
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40 Removal Action Effectiveness Assessment

This section discusses the effectiveness of the treatment system based on its effects on SA
concentrations and mass removal and cost. The treatment effectiveness, including effects on
chromium mobility during treatment, is also discussed.

41  Effects on Screening Analyte Concentrations and Mass Removal

This section presents the effects of the treatment system on the groundwater SA concentrations
as well as any impacts on the mobility of chromium, with specifics on achievement of the
treatment goal of 10,000 pg/L for the SAs. The changes in the SA concentrations in the
groundwater were also used to estimate mass removal attributed to the in-situ treatment.

41.1 Changes in Screening Analyte Concentrations

Based on the groundwater sampling results, the SA concentrations in the groundwater dropped
below 10,000 pg/L by July. The average reduction of SA concentrations across the treatment
area varied from 55% to nearly 100%. Table 4, “Groundwater VOC Concentration Comparison
between Baseline and Last Progress Sampling,” shows a comparison of the SA concentrations
between baseline and the May/July sampling events. The lowest percentage of reduction was
recorded at MW4-2-17, while all others were near 90% and above. The cause of the low
reduction at MW4-2-17 was not readily known since the groundwater temperature near the
monitored interval of the well was over 100 degrees Celsius (°C) (based on the adjacent
TMP Q13), a temperature at which significant reductions in the groundwater concentrations
occurred in all other monitoring wells within the plume.

Figure 9, “Well SA Concentration Changes from Baseline through Treatment,” shows the
changes in the SA concentrations versus temperature at the 17 monitoring wells from baseline
through treatment. As shown in the figures, the SA concentrations at most of the wells generally
decreased to below the treatment goal as temperature rose above 100°C. Some wells also
displayed initial rise in the SA concentrations, followed by a gradual reduction as treatment
continued. The initial rise could likely be due to an increase in the solubility of the SA sorbed
onto the soil into the groundwater caused by heating. As the temperature continued to rise, the
SA began to dissipate via various pathways, including volatilization, resulting in decreases in
their concentrations in the groundwater. Discussions of the SA mass removal pathways are
presented later in the document.

Concentration reduction in the shallower depths between 5 and 15 feet bgs beneath the building
had shown some limitation. As shown in Figure 8, MW4-2-14 in particular showed no apparent
reduction in the total SA concentration between December 2006 and March 2007. The relatively
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low decrease in the SA concentrations in the shallower depths prompted the decision to include
the two monitoring wells, MW4-2-18 and MW4-2-19, into the SA monitoring network. The
primary goal was to help assess the effectiveness of the heat treatment of the shallow
groundwater and provide more complete evaluation of DNAPL removal progress and
performance beneath the building. As the May sampling results showed, the total SA
concentration at MW4-2-19 was found above the removal action goal, prompting another
decision to facilitate energy delivery to that area, as previously discussed in Section 3.7.

The September 2007 post-treatment VOC sampling results showed additional changes of
SA concentrations in the groundwater. This sampling event was conducted two months after
termination of the treatment operation. A comparison of the sampling results between
May/July 2007 and September 2007 is shown in Table 5, “Groundwater Chlorinated
VOC Concentration Comparison between May/July and September 2007.” All except one well
showed a total SA concentration of below 10,000 pg/L. The well with a total SA concentration
of 12,000 pg/L was MW4-2-17, with 1,1-DCE the predominant SA species. On
October 23, 2007, six wells were sampled to determine post-treatment metal levels in the plume.
MW4-2-17 was resampled for only VOC on that day. The new total SA concentration at
MW4-2-17 was measured at approximately 4,700 pg/L, well below the 10,000 pg/L treatment
goal.

Results of a statistical analysis of all September groundwater concentrations also indicate that the
removal action goal of below 10,000 pg/L for the groundwater within the treatment plume was
achieved. Following the U.S. Environmental Protection Agency guidance for the statistical
analysis, the mean SA concentration was estimated at 1,600 pg/L, with a 95% upper confidence
limit of approximately 3,000 pg/L. The statistical evaluation approach and results are provided
in Appendix L.

The groundwater within the treatment plume was mostly in a reducing condition. The DO level
ranged from 0.2 to 2.0 mg/L, with only one well with a DO level at 2.0 mg/L, compared to
11 wells with a DO level at 2.0 mg/L and greater during the baseline sampling. The ORP values
ranged from -280 to 68 millivolts, with most of the values in the negative, versus the positive
values found in most of the baseline samples. Based on these field readings, the groundwater
remained in a mostly anoxic, reducing condition. Table 6, “DO and ORP Data Comparison
between Baseline and Post-Treatment,” shows the DO and ORP values measured in the baseline
and the two post-treatment sampling rounds.

41.2 Effect on Metals During Treatment

This section discusses about the effects of the in-situ groundwater treatment by electric
resistance heating on metals. The metals of concern were originally chromium and hexavalent
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chromium only. However, it was later noted that increases in arsenic and barium concentrations
occurred during and after the treatment. As such, the effects on arsenic and barium are also
discussed in this section.

4.1.21 Effects on Chromium

Results of the impact assessment effort indicated that chromium detected in soil and groundwater
was mostly confined to the area directly beneath the trenches within the plating shop (see
Figures 5 through 7). As such, four groundwater monitoring wells located outside and two
inside the plating shop were selected to monitor for changes in the chromium concentration,
particularly for Cr®*, during the treatment of the groundwater. Any increase in the
concentrations of total chromium and Cr®" would be indicative of (1) potential migration of the
metal species and/or (2) formation of Cr®" in the course of the treatment. Sample results are
presented in Table 7, “Summary of Additional System Design Investigation Groundwater
Sample Results.”

Based on the sampling results, there was no apparent indication of migration of chromium in the
groundwater during the treatment process. Figure 10, “Plume 4-2 Chromium Concentration
Changes in Groundwater During and After In-Situ Treatment,” displays the concentrations of
total chromium and Cr®" within the first few months of the treatment operation and
post-treatment. This finding is expected due to the presence of a reducing condition in the
groundwater during and right after the treatment.

4122 Effects on Arsenic and Barium

Although no apparent mobility issue was noted with chromium, increases in concentrations of
arsenic and barium were observed in several groundwater monitoring wells, including
MW4-2-11 and MW4-2-19. As previously mentioned, these two chemical species were not part
of the metals of concern identified during the additional system design investigation, and were
therefore not specifically monitored for. The highest arsenic concentration was found at
MW4-2-11, where the concentration increased from 3.7 pg/L from baseline to 117 pg/L in
February 2007 (nearly 4 months after heating had begun). The arsenic concentration continued
to rise to 160 pg/L based on the October 2007 sampling results. The highest barium
concentration was found at MW4-2-19, where the concentration increased from 158 pg/L from
baseline to 1,170 pg/L in February 2007. The arsenic concentration at MW4-2-19 also increased
from 2.2 ug/L to 22.8 ug/L between the same timeframe. During the October 2007 sampling
event, arsenic and barium at MW4-2-19 were found at 46.2 pg/L and 1,020 ug/L, respectively.
The concentrations of arsenic and barium remained above the respective base-wide background
levels.
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The concentration rise of these two metal species was probably because of the reducing
condition and rising temperature of the groundwater during the treatment. In the reducing
condition, arsenic becomes more soluble. As shown in Tables 6 and 7, its relatively high
concentrations were generally accompanied with low DO and ORP at those wells. In higher
groundwater temperature, barium salt would become more soluble, resulting in increases in the
groundwater concentrations. Barium sulfate, a barium salt, can also be affected by changes in
reduction-oxidation potential. The reduction of sulfate to sulfide in a reducing condition would
result in an increase in the barium concentration in the groundwater within the plume. However,
these conditions are reversible. The increases in the groundwater concentrations of these two
metal species are, therefore, expected to be temporal and spatially contained when the
groundwater plume returns to the oxic condition with an increase in the ORP.

413 Mass Removal Estimate

The amount of chlorinated VOC mass removed as a result of the treatment is roughly determined
based on the difference in the residual mass estimated within the plume before and after
treatment. The residual mass within the treatment plume is approximated based on (1) the
approximate lateral and vertical extent of the plume, (2) an assumed 30 percent of water-filled
porosity, (3) an assumed 0.1% of organic carbon content (for sandy soil) and an average bulk soil
density of approximately 50 kilograms per cubic foot, and (4) estimated concentrations of the
VOC sorbed onto the soil particles (assumed in equilibrium with the groundwater
concentrations).

The first basis was used to calculate the physical volume of the treatment zone. The second basis
was to determine the groundwater treatment volume which was further divided for the five
regions as previously described. Using the average groundwater concentrations for each
screened interval within each region, the groundwater VOC mass in each screened layer region
was estimated, and the total dissolved phase mass in each region as well as across all five regions
was determined.

The third and fourth bases were used to provide an estimate of the VOC mass in the soil in the
saturated zone. Using the average groundwater concentrations, the equilibrium soil
concentration for each of the VOCs (or SA) was calculated based on the following soil
adsorption equation:

Cs=Kq *C,

Where,

C; = soil concentration of the VOC species
K, = distribution coefficient for the VOC species, also equals to K, * f,c
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K, = soil adsorption coefficient for the VOC species normalized for soil organic carbon
content

f,. = fractional organic carbon content in soil

C, = groundwater concentration of the VOC species in equilibrium with its soil
concentration, C;

With the average soil concentration determined for each screened interval within each region, the
soil VOC mass for the screened layer in each region was estimated from the soil volume and
density, and the total soil mass across the region and the overall treatment area was determined.
Together with the estimated groundwater dissolved phase mass, the overall VOC mass in the
treatment zone was determined. Based on the groundwater sample results obtained between
baseline (August 2006) and post-treatment (September 2007), the total chlorinated VOC mass
removed from within the treatment plume was estimated at 2,800 pounds. A majority of the
mass reduction was from 1,1-DCE.

It is postulated that the VOC mass removal from the subsurface during the in-situ treatment was
through several mechanisms — volatilization, groundwater recovery, hydrolysis, biodegradation,
oxidation-reduction reactions, and other thermally-enhanced chemical reactions. These mass
removal mechanisms are discussed further below.

41.3.1 Volatilization

Since all SAs are volatile compounds and their volatilities are directly proportional to
temperature, the increase in the groundwater temperature during the electric resistance heating
would therefore accelerate the mass transfer of the SAs from the groundwater into the vapor
phase — a physical process referred to as volatilization. Most of the SAs volatilized into the
vapor phase would be captured, as soon as they entered the vadose zone, by a vapor recovery
well mounted locally at the top of each electrode. However, there could be some that might not
have been fully captured if they had strayed outside the vacuum influence of the vapor recovery
wells.

According to the vacuum measurements taken by TRS at the vapor piezometers in the midst of
the treatment, some levels of vapor capture were maintained. However, some of the vacuum
readings were recorded at or slightly below zero. Although the measured values might be
indicative of the steam pressure buildup as heating continued, they might also suggest small to
no vacuum influence at those locations. During the treatment operations, periodic adjustment of
the operating vacuum at some vapor recovery wells was made to reduce entrainment of
groundwater and sediment into those wells. Further discussions of the groundwater entrainment
are presented in Section 4.1.3.2. The reduction of the applied vacuum at the recovery wells
could result in a lack of sufficient vacuum to capture all offgas in the vadose zone within the
treatment area, resulting in an unaccounted loss of some of the VOC mass removed.
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Based on the offgas influent vapor sample results and the vapor extraction flow rates recorded,
the total VOC mass recovered in the vapor stream was estimated at 200 lbs. Figure 11,
“Cumulative VOC Mass Recovery and Temperature Plots versus Hours of Operation During
In-Situ Groundwater Treatment,” presents plots of the cumulative VOC mass captured in the
offgas influent and average groundwater temperature over hours of treatment operation from
October 2006 to July 2007.

4132 Groundwater Recovery

Another mechanism that assisted in the removal of the chlorinated VOCs from the subsurface
was recovery of groundwater via vacuum-enhanced entrainment in vapor wells. Groundwater
entrainment into the vapor recovery wells occurred frequently from portions, if not all, of the
treatment plume area. Besides physical observation, the substantial increases in the
VOC concentrations in the untreated liquid influent stream that had been periodically monitored
further verified the occurrence of groundwater entrainment into the extraction system.

Although entrainment of the groundwater into the vapor recovery system could assist in the
removal of the chlorinated VOCs from the groundwater, this process was not a part of the
intended removal mechanism. The condensate treatment train was designed to handle primarily
a small amount of water condensed from the steam vapor captured by the vapor recovery wells;
the relatively large quantity of groundwater collected via entrainment thus adversely affected the
operation and performance of the condensate management system. As a result, periodic
adjustment of the operating vacuum at the wellheads had to be made as part of the system
optimization effort to minimize groundwater entrainment into the system. Over an eight-month
system operation period, a total of one million gallons of treated condensate/groundwater mix
were processed through the condensate treatment system.

The substantially low VOC concentrations found in the condensate/groundwater stream also
resulted in significantly smaller contaminant mass in the aqueous phase than in vapor phase.
Based on the untreated condensate sampling results, the amount of VOCs captured in the liquid
phase was estimated at 1.4 pounds, as compared to 200 pounds from the recovered vapor.

4133 VOC Mass Removal via Other Pathways

As previously stated, the mass of VOCs in the subsurface could have been depleted via
biological and/or chemical reactions and other physical transport means that occurred more
readily in elevated temperatures. Some of the biological and chemical reactions include
hydrolysis, reductive de-halogenation (abiotic), and biodegradation. Hydrolysis of
1,1,1-trichloroethane into acetic acid and dehydrohalogenation into 1,1-DCE has been
documented (Using the Abiotic Transformation Rate of 1,1,1-Trichloroethane to Estimate the
Date of Discharge [Britton et al, 2006]). Dehalo-elimination is likely the mechanism in which
1,1-DCE might have been partly removed in an abiotic reduction process. One characteristic
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product of such a reaction is acetylene (Transformation of Halogenated Aliphatic Compounds
[Vogel et al, 1987]).

Abiotic reductive dehalogenation of chlorinated VOCs is also expected to occur in groundwater
at sites with presence of ferrous iron and strong reducing conditions. There has been testing at
some sites that resulted in approximately 40 percent of 1,1-DCE loss in sandy soil containing
reduced iron (Abiotic and Biotic Pathways in Chlorinated Solvent Natural Attenuation
[Brown et al, 2006]). As previously mentioned, the steel shot used in the conductive backfill at
each electrode contained zero-valent iron. With the groundwater becoming more reducing as the
treatment progressed, reductive dechlorination of the chlorinated VOCs, such as 1,1-DCE, into
non-chlorinated alkanes and alkenes could likely have occurred.

Although these processes were not specifically monitored for during the treatment, some of the
end or byproducts noted, such as biofouling in the condensate handling and treatment
components, suggested the possible occurrence of such processes in various stages of the
groundwater treatment by electric resistance heating. However, as these processes were not
monitored, VOC mass lost via these processes could not be determined or accounted for.

Besides mass depletion due to reactions, VOC migration outside of the treatment area in
dissolved and/or vapor forms could account for additional loss of the chlorinated VOC mass
from the plume. As previously discussed, some of the chlorinated VOC volatilized from the
groundwater might not have been captured by the vapor recovery wells due to limited vacuum
influence from those wells. This could also occur to the chlorinated VOC species migrated into
the stagnant zone surrounded by the vapor recovery wells on top of the electrodes. In this case,
the VOC would or could be left in the vadose zone soil with the mass not accounted for.

42 Treatment Cost

Treatment costs associated with this removal action included primarily those incurred for
(1) design, construction, and operation of the treatment system by TRS, (2) site preparation,
(3) electricity for supplying system power, (4) additional system design investigation, (5) system
sampling and analysis and performance monitoring, and (6) system operational support by
Shaw field personnel. Excluding management and general administrative costs, the total cost
incurred was approximately $3.5 million. This cost includes the power consumption to provide a
total energy input of 5,391,216 KW hours over an eight-month treatment period. A rough cost
breakdown is presented as follows:

 System design, construction and operation (included electricity) — $3.0 million
o Site preparation (included system dismantling) — $100,000

o Additional System Design Investigation — $ 80,000

 System sampling and analysis and performance monitoring — $ 100,000
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e O&M support — $200,000

Based on the estimated reduction of VOC mass within the treatment plume, the cost for the
removal action at Plume 4-2 was calculated to be around $1,200 per pound of chlorinated VOC
mass removed. The equivalent energy cost was estimated at $0.65 per kilowatt-hour input to the
subsurface.
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5.0 Post-Removal Action Conditions

The bulk mass of the chlorinated VOCs has been removed to below the removal action goal. A
residual amount of the organic contaminant is still present in dissolved phase. Based on the
post-treatment sampling results, the main constituent present is 1,1-DCE. Figure 12, “Plume 4-2
Post-Removal Action SA Concentrations in Groundwater,” shows the post-removal action
groundwater VOC concentrations within the treatment area.

The presence of zero-valent iron in the electrode backfill may continue to provide further
removal of the dissolved phase chlorinated VOCs in the groundwater via reductive
dechlorination. However, the extent of this treatment with the electrode backfill has not been
established. It is not known if the chlorinated VOCs could be further reduced passively to
respective final cleanup goals (such as their respective maximum contaminant levels).
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Figure 11. Cumulative VOC Mass Recovery and Temperature Plots
Versus Hours of Operation During In-Situ Groundwater Treatment
at Plume 4-2, Bulding 360, Alameda Point, Alameda, California
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